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Regional Grid Interconnection: The Case of 7 ASEAN Member States (AMS)
models the future energy systems configuration for Cambodia, Laos, Malaysia,
Myanmar, Singapore, Thailand, and Vietnam. The region was fascinating because
of its advancements in energy transition and energy efficiency since the
beginning of the pandemic in March 2020. ASEAN has accelerated its work
towards renewable energy deployment and planning for a sustainable future
since the onset of the pandemic (ACCEPT, 2021b, 2021c, 2021d; Eco-Business,
2021; Yep, 2021). Despite some of the region's countries having abundant coal and
natural gas reserves, some plans of fossil fuel-based powerplants are being
reconsidered, and priority is placed on natural gas powerplants. For example, the
Philippines announced a moratorium on new coal-fired power generation at the
IEA System Integration of Renewables Ministerial Conference held on October 27,
2020 (IEA, 2020b). 
This study aims to assess the energy mix in 2 scenarios- one Business As Usual
and the other being the Scenario with proposed grid interconnection and storage
facilities. An Open-Source Energy Modeling Software (OSeMOSYS)—a dynamic,
bottom-up, multi-year energy system model applying linear optimization
techniques has been used to carry out the energy systems forecasting. It
determines the optimal investment strategy and generation mix of technologies
and fuels required to satisfy an exogenously defined energy demand. 
The results from the model were analyzed to current initiatives being taken in the
energy sector to finally come up with recommendations for making
interconnection a success for all the countries. Firstly, investment in grid
interconnection infrastructure will be helpful only if the region plans on
undertaking a large quantity of electricity trade in the future. There is no
significant change in the individual new capacities of countries if the region only
reaches the proposed 2035 interconnection capacities. On the contrary, a
substantial reduction in individual new capacities is seen when the devoted trade
capacities are tripled. So, the infrastructure must be developed based on this
observation. Secondly, the future beholds an increase in Natural Gas Powerplants 
R E G I O N A L  G R I D  I N T E R C O N N E C T I O N :  T H E  S T U D Y  O F  7  A S E A N  M E M B E R  S T A T E S
R E G I O N A L  G R I D  I N T E R C O N N E C T I O N :  T H E  S T U D Y  O F  7  A S E A N  M E M B E R  S T A T E S
I V
for the region and a potential reduction in hydropower concerning the Business-
as-Usual Scenario. The former is to compensate for the intermittent nature of
solar and wind energy technology. The latter is due to equity issues for
populations near these hydropower projects and along the rivers. 
This study serves as an example for using an easy energy modeling software such
as OSeMOSYS that can be utilized at the local, country, or regional scale to assess
the outcomes based on different financial, environmental, and social restrictions
to the energy sector developments. A glimpse of the results of a proposed policy
can help policymakers decide if this is the future that they envision for the
community or does the policy needs any amendments to have the desired
impact. Thus, in addition to the application of Shapley Value to assess the
equitable distribution of costs and benefits, there is a scope to manipulate the
model to produce results based on carbon emission constraints, investment
constraints, or the impact of potential disincentivization of investment in non-
renewable generation technology.
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The focus of this study is studying the possibility, benefits, and impacts of investing
in the regional grid integration infrastructure initiated as part of the ASEAN Power
Grid (APG) in 1997. The main objective of this study is to predict what the region's
energy mix looks like in 2035, considering different regional integration scenarios.
The resulting energy mix is used to assess the social justice implications of the
predicted futures for the countries in the region. Finally, the results from the model
have been used to evaluate the benefits of investing in regional grid
interconnection. 
In addition, the final section on future scope discusses how this study methodology
can be utilized to arrive at crucial decisions regarding the distribution of costs and
benefits of grid interconnection. Finally, the section points towards some other
considerations that must be evaluated before making considerable investments in
the regional grid interconnection project.
This energy model consists of the
North ASEAN Energy Systems,
including Malaysia and
Singapore. Map 1 (Pranadi, 2016)
shows the existing, under
construction, and proposed
interconnections in the different
interconnection clusters of the
region. Malaysia and Singapore
have been included in the study
area due to their connection with
the Thailand Energy systems. At
the same time, despite Malaysia's
connections with 
O B J E C T I V E  O F  T H E  S T U D Y1 .
2 .  I N T R O D U C T I O N  T O  T H E  S T U D Y  R E G I O N
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Map 1: ASEAN Power Grid Clusters
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Cambodia has low levels of electrification and has the potential to increase its
natural gas resources. 
Malaysia is the third-largest energy consumer in ASEAN with relatively high per-
capita consumption and is a significant oil and LNG exporter. 
Singapore is also primarily dependent on natural gas for its electricity needs
and whose strategic location has made it Asia's key oil trading and refining hub. 
Thailand is the second-largest energy consumer in ASEAN and heavily
dependent on energy imports due to limited energy resources.
Laos aims to become the hydropower "battery" of Asia, and its current electricity
exports have been increasing sharply. 
Myanmar follows suit with abundant hydropower and natural gas resources,
and the development of these resources is vital to support economic growth
and energy access and security.
Vietnam has significant renewable energy and fossil fuel resources and made
substantial solar investments in 2020, but its growing electricity demand leads
to the need for higher imports.
the island countries of Indonesia and Brunei Darussalam, they have not been
included in the study to narrow the scope of the study mainly concentrated
towards the North ASEAN Power Grid Cluster. This is important as Laos is projected
to be the highest exporter of electricity, and Thailand is projected to be the highest
importer of electricity in the region by 2035 (UNESCAP & ACE, 2018). Thus, this
study includes the following ASEAN member states (AMS): Cambodia, Laos,
Malaysia, Myanmar, Singapore, Thailand, and Vietnam.
The countries in the study region can be categorized as countries with high
dependence on non-renewable sources of electricity generation and countries with
a high potential to invest in renewable sources of electricity generation. The first
group constitutes Cambodia, Malaysia, Singapore, and Thailand, and the second
group comprises Laos, Myanmar, and Vietnam.
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Energy transition is a necessity for the region due to its high vulnerability to
climate change impact. For example, the region is prone to extreme weather
events such as storms, typhoons, uneven rainfall, heatwaves, and flooding in certain
areas, affecting food production. According to one Global Climate Risk Index,
Myanmar and Vietnam are in the top 10 most vulnerable countries. Cambodia and
Thailand are in the top 20 (Lindsay, 2019). In addition, most of the countries in the
study region have a coast on one side, which makes them extremely susceptible to
potential sea-level rise due to increasing global temperatures resulting from high
carbon emissions (The ASEAN Post, 2020). At the same time, countries in the
region such as Indonesia have a high percentage of vulnerable indigenous
populations that are dependent on forest and natural resources, and finally, the
potential for climate migration in large numbers due to the economic and
healthcare challenges because of climate change impacts (Khin, 2020; Louis, 2020;
Strother, 2020).
3 .  W H Y  T H I S  S T U D Y  R E G I O N ?
3.1 IMPACTS OF CLIMATE CHANGE
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Southeast Asia has the fastest-growing electricity demand globally at about 6%
annually over the past two decades (IEA, 2020). This increase is driven by the
growing ownership of household appliances and air conditioners and increasing
consumption of goods and services. 
The 2020 COVID-19 pandemic has reduced electricity demand, which dropped by
around 1% on an average in ASEAN. Vietnam's demand in the first ten months of
2020 was reported to be 3.2% above the same period of 2019 – after around 10%
average growth in the past ten years. Compared to the respective periods in 2019,
Thailand's demand dropped by 3.7% in the first eight months, while Malaysia's was
down by 5% in the first ten months (IEA, 2020). However, energy access to all by
2030 is one of the sustainable development goals and will significantly impact the
future increase in energy demand.
3.2 PROJECTED FUTURE GROWTH
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The Association of Southeast Asian Nations (ASEAN) is committed to meeting its
target set as part of the Paris Agreement to reduce GHG emissions and limit global
temperature rise below 1.5 degree Celsius till 2050 (The Paris Agreement |
UNFCCC, 2016). The ASEAN region has set a goal of achieving 23% renewable
energy in its energy mix by 2025 (ACE, 2017).
The ASEAN Member States (AMS) have set their respective targets to achieve the
regional target. Table 1 lists the Nationally Determined Contributions (NDCs) of the
ASEAN countries as part of the Paris Agreement. Table 1 shows the variability in the
target years and renewable energy goals of the countries in the region. 
The reasons for such diverse targets are varying electrification rates and access to
clean cooking fuel in the countries, as shown in Table2; availability of energy
resources (Malaysia and Vietnam are net exporters of natural gas (ACE, 2017);
financial capabilities of countries to invest in renewables; availability of energy
infrastructure; economic growth rates; and population. In addition, the AMS have
also employed energy efficiency policies to reduce emissions—policies and
regulations on labeling standards for lighting, ACs, refrigerators. 
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3.3 COMMITTED TO ACTION
3.3.1 NATIONALLY DETERMINED CONTRIBUTIONS
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Based on 2019 renewable energy development statistics presented by IRENA,
Myanmar has seen a significant rise in its non-renewable energy capacities. On the
other hand, Cambodia, Laos, Singapore, Thailand, and Vietnam have invested only
in renewables to increase their energy production capacities. The countries in the
region are currently tapping into the region's hydropower potential, with the most
investment made in the development of the abundant hydro energy sector in Laos
and Myanmar. In addition, there are plans to increase solar energy utilization
gradually across all the countries in the study region. As of 2019, bioenergy
constitutes the most renewable energy capacity in Thailand, and hydropower is the
lead in Laos's renewable energy mix. In 2019, 60% of ASEAN's Renewable energy
was installed in Thailand (IRENA, 2018). Currently, only the East and North sub-
regions have more than 50% RE share (IEA, 2019c).
3.3.3 EXISTING NON-RENEWABLE RESERVES & THE CHALLENGES
FOR TRANSITION
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3.3.2 DEVELOPMENT IN RENEWABLE ENERGY AS OF 2019
The selected study region in Southeast Asia is abundant in various non-renewable
resources such as coal, oil, and natural gas. That is also why most of the countries in
the region are heavily dependent on these resources for electricity generation.
Simultaneously, they also must import fuels from neighboring regions to meet
their demand. In 2018, Southeast Asia was reported to be a net oil importer at 
 4 million barrels per day (bpd). Additionally, the growth in the region's natural gas 
The socio-technical process of decarbonization requires bringing low carbon
energy and phasing out old, high carbon energy. Sustainable energy policy linked
to climate change requires the involvement of multiple actors at multiple scales. It
is also essential to involve the people, now more than ever, as social practices have
changed because of COVID-19. Also, financial procedures and investment choices
that have facilitated fossil fuel lock-in in the energy system can now be remedied.
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3.3.4 DEVELOPMENTS IN THE ENERGY SECTOR SINCE COVID-19
demand has reduced its natural gas export and surplus quantities (Tan &
Samanta, 2019). The same is true for the abundant coal reserves of Indonesia,
where the increasing domestic demand and high demand from India and China
are exhausting the surplus at a high rate. All these statistics suggest that the region
will soon become a net-importer of non-renewable fuels if it does not plan a
subsequent transition to renewable power generation.
To understand and emphasize the strides the region is taking in its considerations
for a future with renewable energy, the Global News Index developed by the Cline
Center at the University of Illinois at Urbana-Champaign was used. The Cline
Center's text analytics research draws on over 153 million historical news reports
from around the world used by Archer, a web application the Cline Center is
developing to access the Global News Index. The Cline Center Global News Index is
a searchable database of textual features extracted from millions of news stories,
specifically designed to provide comprehensive coverage of events worldwide.
More details on the sources for the news articles can be found at
https://clinecenter.illinois.edu/project/data-science/global-news-index. 
Figure 1: Graphs showing the number of news articles mentioning the country and renewable energy in
their text (2017-present)
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Economic stimulus packages and social practices during COVID-19 will shape the
energy demand, the carbon intensity of the energy system, and the speed of energy
transitions. The push for renewables is not just to mitigate climate change but also
originates from a wide range of other factors. For example, energy security, fighting
local pollution, building new industries, gaining a competitive advantage, creating
local jobs, and stimulating the economy have now become the need of the hour to
restore economic stability and future growth. It is now time to deliberate future
action plans and reinstate dedication towards addressing climate change as the
world works towards economic development. The extent to which responses should
be 'green' and sustainable must be thought, and the world must act together in
cooperation (Kaushal, 2020). This is precisely the approach that ASEAN seems to be
taking.
The graphs above show the number of newspaper articles published with the name
of the respective country and the words "renewable energy" in the content of the
articles included as part of the Global News Index. The larger graphs for each country
give a closer look into the period from January 2020 to the present, and the smaller
graphs represent data starting January 2017. 
These graphs validate that the countries in the study region are very much in the
news for their renewable energy decisions. All the countries start seeing a rise in the
number of articles mentioning renewable energy around November 2020. Also, the
2017-present graphs suggest that no significant discussion of renewable energy and
the AMS was in the news in the past, except in Singapore and Thailand, in 2018. 
Impacts of COVID-19 have led us to think of the correlation between humans and
nature. We have realized that human activities can significantly improve the
environment, and ASEAN is accelerating its energy efficiency (ACCEPT, 2021a) and
transition to renewable energy efforts as a means of recovery from the economic
crisis due to COVID-19. 
The timing is just right for taking steps towards sustainable energy sector
development. COVID-19 has led to a reduction in electricity demand in the region.
According to IEA's Global Energy Review 2020, countries that have implemented full
lockdowns experienced an average 25% decline in energy demand, while those with
partial measures show an average of 15-18% decline in energy demand per week
(ASEAN Center for Energy, 2020). 
R E G I O N A L  G R I D  I N T E R C O N N E C T I O N :  T H E  S T U D Y  O F  7  A S E A N  M E M B E R  S T A T E S
Countries can use the energy trade and Grid Interconnection opportunity within
ASEAN and neighboring countries, establishing ASEAN as an energy hub, utilizing
future import and export opportunities. Moreover, the development of higher
voltage lines in recent times has enabled greater transmission capacities. In
addition, the region has various multilateral energy trade connections, such as the
existing interconnection between Vietnam-China, and the possible integration
with the South Asia Grid and Australia (Patrick, 2020).
Under the Heads of ASEAN Power Utilities/Authorities (HAPUA), ASEAN initiated
the ASEAN Power Grid (APG) project in 1997. APG aims to enhance cross-border
electricity trade in the region to meet the increasing demand for electricity in the
region, discussed earlier, to ensure secure access to electricity for all by 2030 and
the projected economic growth leading to an increase in consumption (ACE, 2018).
Until 2015, the region's energy trade development is seen primarily in bilateral grid
connections between countries within the region. However, in recent years, the
region is exploring multilateral trade options, which puts ASEAN in the 'Nascent
Stage' of multilateral energy trade (IEA, 2019a). The ASEAN-German Energy
Program (AGEP) carries out most of the APG planning. Since 2018, the region has
started planning for Multilateral Interconnectedness, including integrating clean
energy resources into global power grids. The Lao PDR-Thailand-Malaysia power
integration project is one example of cross-border power trade in the region and
has had extensive success in 2020. In Phase I of this project, 30.2 GWh of electricity
has been traded from Laos to Malaysia via Thailand through the existing 100 MW
capacity. In August 2020, the three countries signed an agreement to increase this
capacity to 300 MW by December 2021 and extend the interconnection
infrastructure to Singapore (ASEAN Center for Energy, 2020). 
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3.3.4 PLAN FOR REGIONAL GRID INTERCONNECTION
3.4 ADDITIONAL BENEFITS OF INVESTMENT IN RENEWABLES
Renewable energy technology is getting cheaper by the day. This cost reduction is
also a result of various policies across the globe incentivizing investments in
renewables and setting requirements for businesses to invest in renewables, which
has the scope of driving future sustainable growth. On the other hand,
technological advancements, energy efficiency improvements, economies of scale,
and supply chain integration have led to a significant reduction in costs of solar 
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Another motivation for investment in renewables lies in its potential to provide
access to the most remote and rural areas of the region that continue to have no
access to electricity. In addition, distributed energy systems constituting off-grid
and mini-grid systems of bioenergy, wind, or solar electricity generation
technologies can help reduce the digital divide and resulting inequalities and
provide secure electricity access to all (The Jakarta Post, 2020).
modules by 89% in 2020 and of wind turbines by 41% when compared to 2010
levels. Furthermore, the cost of solar modules is projected to drop by 27% by 2025,
and wind turbines to further fall by 18% by 2025. While traditional coal and gas
power is currently still more cost-competitive, renewable energy is expected to be
the cheapest source of power in Vietnam, Thailand, the Philippines, and Malaysia
by 2025, with Vietnam retaining the cost leadership that it holds today (ASEAN
Business, 2021). A recent news report by Renewables Now suggests that by 2030,
all coal capacity installed in the world will have higher operating costs compared
to wind and solar facilities (REN 21, 2020). 
In addition to a reduction in costs, according to an article published in the peer-
reviewed journal Economic Modelling, $1 million in spending on renewable energy
creates 7.49 full-time or equivalent jobs. In comparison, fossil fuel industries
provide 2.65 full-time or equivalent jobs per $1 million in expenditures
(Badzmierowski, 2021). 
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The energy model is developed using the Open Source Energy Modelling System
(OSeMOSYS). OSeMOSYS is a dynamic, bottom-up, multi-year energy system model
applying linear optimization techniques. It determines the optimal investment
strategy and generation mix of technologies and fuels required to satisfy an
exogenously defined energy demand. Technical, economic, and environmental
implications associated with the identified least-cost energy systems can be easily
extracted from the model results. This tool has been used to assess proposed
power infrastructure on the African continent and the South American
subcontinent (Cervigni et al., 2015; de Moura et al., 2018).
4 .  M E T H O D O L O G Y
4.1 ENERGY MODELING
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Scenario 1 considers 8.224 GW interconnection capacity and only the existing
grid interconnections. 
Scenario 2 considers 25.1 GW interconnection capacity, all proposed grid
interconnections as shown in Map 1, and a storage capacity of 1.711 GW in the
region.
Scenario 3 considers 69.8 GW interconnection capacity and storage and grid
infrastructure the same as in Scenario 2.
OSeMOSYS was used to model two energy scenarios initially. Scenario 1 being the
Business As Usual case where the countries meet their renewable energy targets
but do not make any further investment in grid interconnection infrastructure or
power storage infrastructure. Scenario 2, where the countries invest in proposed
bilateral grid connections and invest in storage capacity, in addition to meeting
their renewable energy targets. The results from the two scenarios showed a
negligible reduction in new capacity in Scenario 2. Hence, a third scenario was
considered using the same infrastructure as Scenario 2, but countries' generation
capacity devoted to electricity trade through the interconnection infrastructure
was not limited to the projected levels.
Therefore, the three scenarios modeled are as follows:
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The demand figures which form the base for the model are all based on pre-
COVID-19 estimates. To get more current and accurate results, new reduced
demand for 2020, and predictions for the future demand incorporating the
accelerated renewable energy transition and energy efficiency efforts being
taken up by all the member countries is essential. 
This model does not account for trade and interconnection with China. As these
AMS constitute the Greater Mekong Subregion with China, many grid
interconnections, new generation capacities devoted to trading, and
infrastructure are being planned between the study region and adjoining
Chinese cities. A closer study of the Chinese cities that impact the electricity
landscape of the study region will give much more accurate predictions of the
future energy mix and new capacity requirements.
The following is a list of limitations to the model developed using OSeMOSYS:
5 .  L I M I T A T I O N S  O F  T H E  E N E R G Y  M O D E L
4.1.1 SCENARIOS MODELED
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Table 4 shows the % increase in demand from 2020 to 2035 in each study region's
countries. The energy demand in Myanmar is expected to increase the most
(345%). This increase can be attributed to the country's low electrification rate
(69.8%) in 2019 and its target of 100% electrification by 2030 based on the
Myanmar Energy Development Plan. Also, the projected increase in demand due to
economic development will add to the trend of growth. According to Fitch Ratings,
Vietnam's 180% increase in electricity demand is observed because of rising
industrialization, urbanization, and affluence (Mai, 2020). Overall, the region is
projected to see an increase in industrialization, an increase in urban population,
and consumption patterns. At the same time, due to the impacts of climate
change, there is an increased need for artificial heating and cooling at the building
level, which significantly contributes to the increase in electricity demands by
buildings. Hence, the high growth in demand in Cambodia and Laos as well. 
On the other hand, Malaysia, Singapore, and Thailand are already prominent
economic and tourist centers. Thus, their increase in electricity demand over the
next 15 years falls in the 45-65% range.
In the ASEAN region, Indonesia (26%), Viet Nam (22%), Thailand (19%), and Malaysia
(15%) make up more than 80% of the total demand in the region (IEA, 2020). The
electricity demand for all the countries used in the model is based on external
projections for future demand (Amarthalingam, 2020; APEC, 2013; Dobermann,
2016; IES, 2016; Ministry of Energy and Mines, 2016; Nguyen et al., 2018; Thailand
Power Development Plan 2015-2036, 2015).
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6 .  E N E R G Y  M O D E L I N G -  D A T A
6.1 ELECTRICITY DEMAND
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Costs were expressed in 2020 million USD per GW installed capacity for investment
and fixed operation and maintenance (O&M) expenses. With variable O&M costs
described in US$/PJ and fuel costs in US$ per unit. When available domestic fuel
prices were used, otherwise international prices were employed. Table A
(Appendix) shows the capital cost, fixed cost and variable operating cost, and
operational life for all the modeled energy technologies (NREL, 2016, 2020;
Renewable Energy Technologies: Cost Analysis Series | Biomass for Power
Generation, 2012; Sumarno et al., 2021). Table B (Appendix) shows the electricity
trade tariffs considered for the study region countries (Poch & Tuy, 2012).
Transmission losses in the AMS account for an average of one-fifth of the losses,
with significant differences in losses in the different countries in the region. For
example, losses are around 20% in Cambodia and Myanmar, while Singapore has
losses near 2%. Losses occur due to technical inefficiencies such as inadequate
maintenance or non-technical losses such as poor metering or theft (IEA, 2020).
These losses lead to significant revenue loss for utilities because they create
mismatches in power fed into the billed and accounted power system. The 2019
ASEAN Energy Outlook report suggest that if the average transmission and
development losses are reduced to nearly 6% in the entire region, the region can
gain over $4 billion per year – equivalent to almost twice the region's total
investment in utility-scale solar PV in 2018 (IEA, 2019d). The scenarios consider the
same transmission losses mentioned above and reduce the losses in all countries
to 6% by 2030.
To simplify the model, each country has been modeled to have coal, heavy fuel
(diesel or other fuel), natural gas, bioenergy, hydro, solar, and wind powerplants.
The most recent published capacity data is used for all the countries (Asian
Development Bank, 2018; EGAT, 2017; EMA, 2020a; EMBER, 2020; Ministry of
Electricity and Energy of the Union of Myanmar & ERIA, 2019; Suruhanjaya
Tenaga Energy Commission, 2018; Trends & Analysis, 2020). Each technology has
been modeled with a monthly region-specific capacity factor (ACE, 2016; IES, 2016),
input and output activity ratio of the electricity generation technology, and
operational life (Sumarno et al., 2021). 1 2
6.2 TECHNOLOGY PERFORMANCE & TRANSMISSION AND
DISTRIBUTION LOSSES
6.3 COSTS
6.4 INSTALLED POWER PLANT CAPACITIES
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Graph 1 shows that only
Cambodia, Laos, and
Myanmar have more than







Table 5 shows the installed power plant capacity by type of fuel in the study region
countries. These values have been used as the residual capacity of installed power
generation technology in the energy model. The study region has the highest
Natural Gas powerplant capacity installed at 45.4GW, followed by Coal plants at
35.6 GW and hydropower plants at 35 GW. 
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In 2020, the 7 AMS constituted nearly 38% of renewable power generation capacity
in their electricity generation mix. The future renewable energy capacities are
based on the declared targets as part of their NDCs as part of the Paris Climate
Accord. The Renewable Energy capacities mentioned in the targets are set as the
minimum capacity requirements for the target years (IES, 2016; Ministry of Energy
and Mines, 2016; National Renewable Energy Policy and Action Plan, 2008).
6.5 RENEWABLE ENERGY POWER GENERATION
In the case of Thailand, the energy demand growth has been lower than
anticipated (3% annual growth), causing the issue of overcapacity and a high
reserve margin (around 40%) (IEA, 2020). Moreover, this situation can get worse  
6.6 RESERVE MARGIN
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There is a lack of data for existing and proposed reserve margins for the AMS
countries, so for this study, a constant reserve margin of 15% has been assumed in
the entire region.
over the coming years due to decreasing demand because of COVID-19. Thus, the
country is exploring options for reducing its capacity, such as decommissioning
aging power plants with relatively low efficiency and delaying investments in large-
scale fossil fuel power plants to utilize existing power plants in the system
effectively. 
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Even though all the countries in the study region are considering an investment in
electricity storage infrastructure for the future, not all countries have official targets
for electricity storage capacity. Nevertheless, a few of the storage targets that are
published as of May 2021 have been included in this model. For example,
Singapore targets an energy storage deployment of nearly 200 MW by 2025 (EMA,
2020b; Wong et al., 2018). Simultaneously, Cambodia, Philippines, Thailand, and
Vietnam plan to set up 11 MWh of storage facilities as part of 2018 proposed ADB
Integrated Renewable Energy and Energy Storage Sub-Program under the CTF
Dedicated Private Sector Program III (DPP III) (World Bank, 2018). In addition to
this collaborative investment, Vietnam proposes 1.5 GW electricity storage
technology deployment by 2030 (IEEFA, 2020). 
6.7 PROPOSED STORAGE CAPACITY
The region plans to grow the interconnection capacity from 8.2 GW in 2019 to 25.1
GW by 2035. In addition to the listed bilateral trade connections, the first
multilateral grid interconnection in ASEAN is proposed from Lao PDR via Thailand
to Malaysia and potentially Singapore, enabling electricity transfer of nearly 100
MW (IEA, 2020). In addition to the existing and proposed interconnection
capacities, Table 6 also shows the interconnection capacities generated by the
model for Scenario 3.
Only bilateral grid connections have been modeled in OseMOSYS. Table 6 below
shows the existing grid interconnection capacities for 2019 and the proposed grid
interconnection capacities by 2035. It is to be noted that in some cases, two-way
trade occurs between countries. For example, Thailand-Myanmar implies the
export from Thailand to Myanmar, and Myanmar-Thailand implies the export from
Myanmar to Thailand. 
6.8 GRID INTERCONNECTION CAPACITY
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The following section makes a comparison between the results for Scenario 1 and
Scenario 3 modeled in OSeMOSYS. The following sub-sections discuss the
differences between new capacity, energy mix, and financing needs in the Business
As Usual scenario and the impacts of investments made in interconnection and
storage infrastructure in Scenario 3.
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7.1 RESULTS- ACCUMULATED NEW CAPACITY
7 .  E N E R G Y  M O D E L I N G -  R E S U L T S
Table 7 shows the % change in accumulated new capacity in each of the countries
in 5-year gaps, beginning from 2020 to 2035. Results show that Cambodia,
Malaysia, and Singapore are not significantly affected by the increased electricity
trade through the APG. These countries maintain their need for the same amount
of new capacity, as in Scenario 1, with the existing APG infrastructure and trade
capacities. However, Laos and Thailand are projected to increase their capacities in
the trade enhancing Scenario 3 to export more electricity. At the same time, 
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Table 8 and Table 9 show the breakdown of different energy technologies that
each country will invest in to reach their predicted accumulated new capacities by
2035. The table compares years 2021 and 2035, and not 2020 and 2035 because
most countries except for Laos, Malaysia, and Thailand do not add any new
capacity in the year 2020.
From the tables, Natural Gas and Hydropower show some interesting trends.
Natural Gas capacity is projected to increase in Laos and Thailand. Simultaneously,
there is a significant decrease in hydropower capacity in Malaysia, a slight decline
in Vietnam, followed by a minimal reduction in the case of Singapore.
It is interesting to see that Malaysia and Thailand would require additional capacity
to be installed in 2020 to meet their pre-pandemic energy demands, with the
existing trade and storage infrastructure. However, the countries managed with the
existing generating capacity because COVID-19 hit the world in early 2020. Due to
various travel restrictions around the globe, the electricity demand went down
tremendously. As mentioned earlier, Thailand's demand dropped by 3.7% in the
first eight months, while Malaysia's was down by 5% in the first ten months (IEA,
2020).
Malaysia and Vietnam show reduced total accumulated new capacities, with
Malaysia significantly depending on imports from Thailand and Laos.
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7.2 RESULTS - ENERGY MIX 
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Graph 2 represents the
Capital Costs for energy
systems development in
the region in Scenario 1







7.2 RESULTS - FINANCING
 reduced capital investment costs between 2031-2035. In addition to the capital
investment in power plants shown in graph 3, scenario 3 has an additional capital
investment to set up the proposed grid interconnection capacities in the region,
which is only an additional 3.1 billion USD for the entire modeling period from
2020-2035. Despite this additional expense, scenario 3 is profitable over Scenario 1.
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A UN blog on Climate Justice explains the phenomenon as follows:
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8 .  N E E D  F O R  C L I M A T E  J U S T I C E
The impacts of climate change will not be borne equally or fairly, between
rich and poor, women and men, and older and younger generations.
Consequently, there has been a growing focus on climate justice, which
looks at the climate crisis through a human rights lens and on the belief
that by working together we can create a better future for present and
future generations.
Climate Strike Thailand and Climate Justice Myanmar are climate justice
organizations in Thailand and Myanmar, respectively, founded by young people,
essentially inspired by Greta Thunberg's efforts. They have been part of larger
campaigns such as the "Global Climate Strike For Future" (2019) and have had
protests at the local environment department agencies demanding climate action.
They continue to have various interactive and awareness programs even during the
pandemic. In addition, they have social media platforms where youngsters share
their stories and concerns and encourage action.
Furthermore, the blog emphasizes that the justice implications of climate change
mitigation and adaptation have come to the limelight ever since climate change
has grown from more than carbon emissions and melting ice caps to affecting the
lives of the vulnerable and poor communities. Youth protests and strikes about the
need for action and making the process more inclusive and participatory have also
significantly drawn attention towards climate justice issues (United Nations, 2019).
In the ASEAN countries, the climate justice movement is being led by youngsters
across different countries. Many organizations and movements are inspired by
Greta Thunberg's "Fridays for Justice" demonstrations.  The following paragraphs
highlight the efforts of some prominent organizations in the region.
8.1 CLIMATE JUSTICE DEFINITIONS
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Climate Justice seeks to challenge the influential role of the big polluters,
alongside their host governments, for refusing to take responsibility for
climate change, weakening political commitments, and hindering the
implementation of required solutions to help mitigate and avert future
catastrophes.
At the same time, there are formal organizations such as Greenpeace Southeast
Asia, which has carried out some significant protests and demonstrations across
the world. In Southeast Asia, some of its dominant activities have been the
“Climate Walk: A People’s Walk for Climate Justice” in Manila, the Philippines in
2014, the candle march in Tacloban, the Philippines, in 2016 to commemorate
Typhoon Haiyan's 3rd anniversary and protest against the fossil fuel companies.
This organization seeks climate justice by demanding political action towards the
entities that are primarily responsible for high carbon emissions in the region.
Another way to understand the issue of climate justice is through the emerging
concept of the energy trilemma. The goal for the future energy transition is to
provide secure, affordable, and sustainable energy to all in socially just ways
(Bridge et al., 2018). The definition of the energy transition is important because it
requires a change in terms of low carbon. Still, at the same time, it must ensure
greater access, better reliability, and affordability. The three primary considerations
while planning for energy transition while ensuring that the transition is socially
just are as follows: Energy Security, Energy Access, and Energy Sustainability.
8.3 ENERGY TRILEMMA
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The Malaysian Youth Delegation (MYD) is a Malaysian civil society organization
started by young passionate Malaysians. It represents Malaysia’s local youth climate
movement and raises awareness of climate policies among Malaysians by
translating technical policy documents to information that can easily be
comprehendible and relatable for the public. At the same time, they organize
workshops to educate the people about new climate-related policies. In addition,
they also engage with other national and international climate organizations to
keep updated with the new developments in the field.
Klima Action Malaysia (KAMY) is another climate justice group in the region, 
 with the aim to join forces with the nation’s indigenous groups, who are already
battling big business for their forest lands.
20
As per SDGs, by 2030, all must
have secure access to modern
energy technology. However, it 
Energy Security is reliable access
to energy throughout the day.
Secure energy access is also a part
of the sustainable development
goal and is vital in the global
North as it primarily constitutes
the service-sector economy. Losing
access to energy for the shortest
period can lead to substantial
economic losses. 
must be contemplated as energy security leads to an increased burden on the
energy demand. Today, many countries in the Global South do not have complete
electricity coverage, not even in areas in proximity to electricity grids due to
technical difficulties. So, with emphasis on security, there is a tremendous pressure
of doing so in a sustainable manner.
Image 2: Energy Trilemma (Bridge et al., 2018)
9.1 NEWS ABOUT FUTURE ENERGY TECHNOLOGY
INVESTMENT PLANS IN ASEAN
Cambodia estimated that 80 percent of its energy consumption is accounted
for by commercial and residential buildings, and enforcement of building
efficiency standards can reduce consumption by 25% by 2030 (Badzmierowski,
2021).
Malaysia plans to invest in Renewable Energy technology as well as Natural Gas
plants. For example, Malaysia recently announced its 1.2 GW combined-cycle
gas turbine power plant in Pulau Indah, Selangor, co-financed by Union
Overseas Bank, Malaysia (Daily Express, 2021). The investment in the 
As discussed earlier, the study region has had some fantastic achievements in their
efforts to meet their Nationally Determined Contributions (NDCs) by investing in
energy efficiency and renewable energy technology. The following list details some
recent developments in the energy sector, since the beginning of the pandemic, in
the study region.
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Based on recent reports by consultancy group Wood Mackenzie, Southeast Asia
is expected to nearly triple its solar power capacity by 2024 to 35.8 GW.
Singapore has already had some success in a pilot floating solar project that
will help the country invest in renewables, despite its land constraints (ASEAN
Today, 2021; Chandran, 2021). 
 Vietnam managed to give an extensive push to its solar rooftop initiatives and
added nearly 9 GW of new solar capacity in 2020, of which 6 GW was installed
only in December 2020 (Suryadi & Shani, 2021). 
Thailand, on the other hand, is nearing the completion of the world's largest
hydro-solar hybrid projects on the surface of a dam. The country aims to
replicate this technology at eight more dams by 2036, accumulating 2.725 GW
of new technology, which can switch between solar and hydropower and
generate more electricity (Reuters, 2021). According to IEEFA, ASEAN has the
potential of at least 24 GW in floating Photovoltaic (FPV) capacity. Moreover,
floating solar has been tested to be highly resilient. They can withstand
typhoons, powerful waves, and winds gusting up to 170 kilometers an hour, and
their ability to replace the traditional coal power plants with higher
construction costs and construction time (Rivera, 2020). 
Singapore has signed an agreement with Keppel Data Centres, Chevron, Pan-
United, and Surbana Jurong, in a research venture to develop developing
"mature carbon capture technologies, coupled with novel technologies that
utilize cryogens, membranes and hydrogen" that can further help the country
achieve its climate goal of halving emissions from its 2030 peak by 2050 and
net-zero emissions as soon as viable in the second half of the century 
 (The Business Times, 2020). 
In addition, the region is undertaking extensive research to assess the role
hydrogen can play in decarbonizing electricity systems (Phoumin, 2020). For
example, Singapore, in association with energy giant, Shell, is researching the
uses of hydrogen fuel cells in maritime transportation to help the shipping
sector achieve net-zero emissions by 2050 (CNA Business, 2021) and adding
hydrogen to natural gas to make natural gas power plants relatively less
polluting (Preston, 2021).
Natural Gas Powerplant is based on its 30-40% lower emissions than a
traditional coal-fired powerplant. 
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Based on the current market conditions in Vietnam, there is still a need for
incentives from the government to take up green projects. Therefore, the
government plans to implement green bonds to decrease issuance costs for
domestic investors (VnExpress, 2021).
Under the flagship of the Malaysian Climate Change Action Council (MyCAC),
the country plans to carry out carbon trading so that it does not affect the
country's GHG emissions reduction commitments. Also, the government plans
on developing a "green recovery plan" that will aim towards making Malaysia a
hub for green economy, services, and technology. In addition, it will foster
green lifestyles with a focus on health and sustainable development (Malaysia
Mail, 2021).
Myanmar has landed $3.45 million funding for off-grid solar projects, co-funded
by the Global Partnership for Results-Based Approaches (GPRBA) and the
Energy Sector Management Assistance Program (ESMAP). The funds will be
utilized for results-based financing (RBF) pilot program that aims to
demonstrate a new business model led by the private sector for off-grid solar
development. This pilot project will help develop a commercial market for
Lighting Global-certified solar products and support the sustainable growth of
the off-grid lighting market in rural, remote areas of Myanmar (Ranjan, 2020). 
Thailand accepted a 5,084 million USD grant from the World Bank to fund
projects reducing emissions of harmful HFC gas. At the same time, the
government approved a financial aid campaign for Myanmar, providing a 1.46
billion baht loan to fund Yangon's electricity system renovation project, on the
understanding that the project utilizes goods and services from Thailand for at
least 50 percent of the contract's value, and must hire Thai companies for
construction and engineering consultations (National News Bureau of
Thailand, 2020).
Transitioning to sustainable and efficient energy systems is a costly affair, as
evident from the capital investment requirements derived from the energy
model. To meet the extensive financial requirements of the energy projects, the
region has been partnering with various organizations to fund their renewable
energy projects, and at the same time, developing financial tools to encourage
more investments in different groups of people in the country. Following are
some of the examples:
9.2 NEWS ABOUT FINANCIAL SUPPORT FOR ASEAN
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At the regional level, ASEAN Catalytic Green Finance Facility (ACGF) has attracted
more than 1.4 billion USD in co-financing commitments, which will support the
green recovery program. The green recovery program will be implemented
according to the principles of ACGF, established by the ASEAN Infrastructure Fund
and managed by ADB. ACGF has published a set of green investment principles
and eligibility criteria and created a pipeline of projects, including its first project
approved for financing in 2020. At the same time, ADB will prioritize Green
Climate Fund (GCF) funding under the program for investment projects in
Cambodia, Indonesia, Laos, and the Philippines (Phillipine News Agency, 2021).
Climate justice issues arise around the development of dams along the Mekong
river (Map 2). China and Laos have built several dams in this region. China's dam in
the Mekong has altered water and sediment flow, thus adversely affecting fisheries
downstream and the soil fertility levels in Myanmar, Laos, Thailand, Cambodia, and
Vietnam. China's hydropower plans for the Mekong River are also seen as an effort
to take charge of the dams and benefit from the economic rewards and the
geopolitical advantage of controlling the Mekong (CTN News, 2021).
9.3 CLIMATE JUSTICE IN THE NEWS IN ASEAN
Laos has six large dams on
the river and the new
Sanakham Dam project in
Laos, with a planned
capacity of 684 MW and
an investment of 2 billion
USD. The dam will be
constructed about 2
kilometers from the Thai
border, and the electricity
generated will be sold to
Thailand. The project is
currently in its public
hearing phase, which is
required under the 
Procedures for Notification, Prior Consultation and Agreement (PNPCA) outlined
by the Mekong River Commission. The Mekong River Commission has made public 
Map 2: Dams on the Mekong River
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hearings mandatory for all hydropower projects in the region due to its
transboundary impacts. However, the final decision of whether to proceed with
the project or not rests with the country initiating the project. Hence, there have
been several callings by the local conservationists to shut down the project and
instead invest in solar or wind technologies (Bangkok Post Public Company
Limited, 2020). At the same time, a recent ASEAN Today article mentioned how
seasonal droughts, climate change, growing domestic demand for electricity, and
China's control of the upstream flows together challenge the reliability of this
source of clean energy for Singapore (ASEAN Today, 2021).
The voices against hydropower call for stopping the project as one of the major
considerations when planning for energy transition is ensuring equity. Thus, a
reduction in hydropower in Scenario 3 of the OSemOSYS model can very much be
a reality, and new investments can be focussed on solar and wind technologies. 
The following section lists the benefits of investment in the ASEAN Power Grid as
listed in the Energy Interconnection in ASEAN for Sustainable and Resilient
Societies report (IEA, 2018). This list of benefits is evaluated with the energy model
results and ASEAN energy news, to suggest recommendations to ensure that the
countries can benefit the most from investments made in grid interconnection.
CLAIM 1
1 0 .  R E C O M M E N D A T I O N S
Grid Interconnection will reduce vulnerability to the
variability of renewables, especially when there are plans
of investing in Variable Renewable Energy (VRE), i.e.,
solar and wind energy, that does not necessarily have
fixed outputs. 
RECOMMENDATIONS
 A shift towards VRE is creating a greater reliance on natural gas power plants
to deal with the intermittent nature of renewable energy sources. As mentioned
in the claim, without natural gas plants, there is a higher vulnerability due to
the variability of solar and wind energy sources. Thus, it is important to make
investments in storage to reduce the risk of high vulnerability due to the
variability of VRE, and at the same time, reduce the need to completely
depend on natural gas power plants (as seen in the energy model results).
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CLAIM 2 Grid Interconnection will provide more energy generation
flexibility and enable trade and reduce the need for
increasing individual energy capacities.  
Vietnam and Myanmar have the highest increase in power demand and the
need for high new generation capacity. Hence, they should be the first
countries to make significant strides towards grid interconnection to reduce
their immediate need to invest in new generation technology.
Recommendation to meet the electricity demands of the currently unserved
populations: Self-provisioning and off-grid infrastructure can be a solution to
the presently non-connected users in the Global South and can be a more
sustainable and cleaner option for houses in the Global North. Feed-in-Tariffs
(FITs) can be widely utilized to incentivize renewable energy technology
and subsidize the cost of these comparatively costlier technologies
compared to fossil fuel and nuclear power. 
CLAIM 3
 
Grid Interconnection will ensure optimal renewable energy
resource utilization and set up new energy plants in places
with minimum environmental damage—trade from
renewable energy-rich supply centers to high demand
centers in and around the ASEAN region. In addition, there
is a potential to reduce costs due to economies of scale in
new construction. Grid interconnection will also motivate
economic exchange through energy trade.
RECOMMENDATIONS
With the reduced increase in electricity demand for the countries due to
COVID-19, this might be a good time to invest in energy efficiency, which
will further help in reducing the future electricity demand. This will in
turn reduce the pressure to invest in large quantities of new electricity
generating infrastructure, and rather focus on the shift to renewable energy.
To ensure timely energy exchange between countries through the
regional grid, based on demand, effective energy forecasting
mechanisms must be established to estimate supply in advance and
arrange for trade, ensuring energy security for all.
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For example, Singapore has land availability restrictions, as well as a
busy port. So, Singapore had plans to invest in hydropower technology
in Laos, which can then be sent over to Singapore through the regional
grid (Bloomberg News Editors, 2019). The climate justice section shares
details of how the hydropower technology in Laos is significantly
altering the water and sediment flow to nearby villages.
Also, countries should invest in electricity trade but extreme dependence
on another country for electricity needs, like in the case of Scenario 3
Malaysia, or China's intention to dominate the Mekong region, can lead to
severe political and economic issues in the future. Thus, it is frequently
emphasized that both costs and benefits must be equally distributed
between participating countries. This can be achieved by calculating the
bargaining power of each country.
RECOMMENDATIONS
Develop a regional wheeling price model;
Expansion of regional power system infrastructure; and
Support the development of sustainable power systems (IEA, 2019a)
To ensure regional coordination, the countries must start executing the
following next steps.
Because based on the energy model results, if the primary consideration is cost,
countries will invest in renewable technology that will have negative social
implications and lead to inequity.
CLAIM 4
The Power exchange is proposed to focus on energy gaps
and excesses and intends no disturbance in the individual
national power systems. 
It is extremely beneficial for the countries to be able to overcome their
shortcomings in terms of resource availability or finances and be able to trade
from a resource-rich electricity supply center. But, it is important to equitably
balance the burden of energy investment and system maintenance
between all AMS countries, and equity not just in terms of finances.
RECOMMENDATIONS
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1 1 .  S T E P S  B E F O R E  I N T E R C O N N E C T I O N  
Prepare intergovernmental agreements for sharing data and knowledge and
trade mechanisms.
Work towards grid harmonization within and between countries
Create new institutions for smooth facilitation of trade agreement, planning
and implementation, and market organization. For example, formulating a
regional energy trade committee.
Set up primary support policies that include feed-in tariffs (FiTs), quotas (i.e.,
renewable energy certificates), and net metering, or secondary support schemes
like public-sector loans or subsidies can lead to a reduction in overall support costs
(IEA, 2019a).
Interconnection requires political will. ASEAN recognizes the need for willful
participation and provides the option to opt-in or opt-out of being a part of the
APG. This option keeps renewable energy grid integration open-ended in South
East Asia (AGEP, 2019) (IEA, 2019a). 
1 2 .  F U T U R E  S C O P E  
The Electricity Market Report 2020 by IEA discusses that it is vital to assess the
costs and understand the distribution of costs and burdens on the AMS because of
the high costs of setting up the infrastructure. At the same time, not all member
states will contribute to the ASEAN Power Grid since the very beginning. So, it is
essential to decide how currently non-participating members will contribute to the
infrastructure costs in the future to avoid the risk of free-riding or, in fact, inaction
or delays because no member state wants to initiate the project due to high
upfront costs. Thus, this assessment will reduce the risk of free-riding and potential
delays in the development of the APG (IEA, 2020).
The results from the energy model could further be utilized with the Shapley value
concept. The Shapley value is a solution concept of fairly distributing both gains
and costs to several actors working in a coalition. The Shapley value applies
primarily in situations when the contributions of each actor are unequal, but they
work in cooperation with each other to obtain the payoff. Thus, the Shapley Value
concept can assess the distribution of burden on different countries and develop a
strategy for distribution of costs and benefits equitably.
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In addition to the application of Shapley Value to the results, the model can be
manipulated to produce results based on carbon emission constraints, investment
constraints, or the impact of potential disincentivization of investment in non-
renewable generation technology.
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A P P E N D I X
(Poch & Tuy, 2012)
Table B: Trade Tariffs for ASEAN countries US cents/kiloWatt hour (kWh), 2011
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